Utilization of brewery wastes is one of the solutions for the production of the fodder supplements containing biogenic nutrients. The condition of such application is to meet the requirements included in the regulations regarding animal feeding, particularly removing a bitter taste. The aim of the performed investigations was the removal of bitter acids from the post-extraction hop waste using the calcium oxide addition. For the examination hop wastes obtained as a by-product from the CO 2 plant extraction in supercritical conditions, were applied. Physicochemical properties of the waste samples collected for the investigations were determined by applying the available standard analytical techniques. The analyses of the determination of bitter acids were carried out by the high performance liquid chromatography method. During the experiments very good effects of bitter acids removal from hop wastes, were obtained by using CaO suspensions in water. The investigations on the influence of the CaO concentration in suspension on the efficiency of bitter acids removal indicate the possibility of applying suspensions by 2 wt% for this purpose.
INTRODUCTION
Feeding the still increasing world population constitutes a great challenge for the modern science. It is connected with proper utilization of the natural resources, particularly soils, as well as with the requirement of the farm production intensification. Elimination of soils of the high quality for energy crops cultivation, observed particularly in Europe and the North America, cause deterioration of the situation in agriculture and animal breeding. It seems that preserving the principles of the Sustainable Development within this range, with the special stress put on the sustainability in the area of social economics, should gain the peculiar significance in the context of securing population with food supplies 1 -4 . Proper animal feeding requires supplying them with highly diversified nutrients like carbohydrates, lipids, proteins, amino acids, peptides, inorganic nitrogen compounds, mineral nutrients such as: calcium, phosphorus, magnesium, potassium, chlorine, sodium, sulfur, micronutrients and vitamins
5
. Accepting the solutions enclosed in the principles of the Sustainable Development the examinations in the scope of wastes utilization are performed and modern technologies for the production of fodder supplements containing biogenic nutrients are developed 6 -8 . Utilization of brewery wastes is one of the solutions mentioned above.
WASTE PROPERTIES
The post-extraction hop waste obtained from the production of bitter extracts under the method of their supercritical extraction was investigated. This waste on account of its composition is a valuable raw material which has potential applications in the fodders production. The condition of such application is to meet the requirements included in regulations regarding animal feeding, particularly removing the bitter taste 9 . Four main raw materials are essential for the beer production: water, barley, hop and yeast.
Hop (Humulus Lupulus L.) in brewing relates to the "dried female fruit clusters (cones) and products obtained from them which contain hop components exclusively". Poland is the fifth largest hop producer on the world in terms of the surface area of the crops. According to the data from the year 2006, the hop was cultivated on the surface of about 2500 ha in about 1300 fields, the data from year 1996 show about 2480 ha, and this surface is constantly growing on account of increased beer consumption. The world hop demand reaches about 130000 t. On the territory of Poland hop is planted mainly in three areas: the region of Lublin, Wielkopolska province and Lower Silesia provinces. Mainly an aromatic and bitter hop are cultivated. For brewing applications particularly cones and lupuline-included hop resins are of great importance during hop-pickings.
The soft resin form contains first of all α and ß-acids and imparting bitterness in the production of beer is most useful. The α and ß-acids content is dependent on the hop variety. The insoluble in water α-acids, called humulones, in the process of the wort production undergo a transformation into iso-α-acids, giving the beer a characteristic bitter taste, and stabilizing the foam by the reduction of the surface tension. Under the influence of oxygen, temperature and humidity, the α and ß-acids contained in lupuline undergo transformations resulting at the end of the process of beer manufacturing in the by-product formation in the hard resin form. Various substances are included in β-acids composition. The most important are the following ones: cohumulone -disadvantageous for its gustatory values, humulone and adhumulone. In the ß-acids composition, the lupulone, colupulone and adlupulone can be observed. Individual bitter compounds demonstrate a different degree of bitterness. The iso-α-acids demonstrate bitterness about 9 times stronger than the ß fraction 10, 11 . The currently applied Magnum and Taurus hop varieties contain high contents of the α-acids (12 -15% DM) including cohumulones concentration below 20% of the total amount of the α-acids. The additional components of the lupuline, important for the brewing, are hop oils. Their content in the hop amounts from 0.5 -1.2% DM. Hop oils are a mixture of about 250 volatile aromatic substances. The majority of oils is emitted during the wort boiling process. The sesquiterpenes play the most significant role in the characteristic beer aroma, on the other hand, myrcene has the adverse influence. On the account of volatile properties of oils, in the final phase of boiling the beer a small amount of aromatic hop is introduced. The other hop components are tannin agents. Their content in the hop amounts from 2 -5% DM. They are complexed compounds of a high phenol functional group content (tannins, flavonols, catechins, anthocyanogens). They form complexes with proteins which are deposited at the bottom. They are responsible for a characteristic taste of the beer, its turbidity and the color. The proteins are highly valuable hop components (12 -20% DM). During the beer manufacturing process proteins are added in the amount of 30 -50%, the rest part remains in the hop wastes. In Poland a hop of 8 -10% DM α-acids contents of the name Lubelska (about 1000ha), Marynka (150ha) and Magnum (about 150ha) are the most frequently cultivated varieties.
From the research on the possibility of direct application of the post-extraction waste in fodders performed by the Wroclaw University of Environmental and Life Sciences it results that animals eat fodders, prepared by this method, reluctantly due to its bitter taste. Removing bitter acids using the organic solvents is possible, among them methanol belongs to the ones, used most often. However, taking toxicity into consideration, applying this method seems to be risky. Tests of the biodegradation of bitter hop acids through specific biological methods are also wellknown 12 
.
The aim of the conducted investigations was the removal of bitter acids from the post-extraction hop waste, using the addition of the calcium oxide which has been already applied in the fodder industry.
EXPERIMENTAL
The hop applied in the beer production is most often in the processed form as a granulate or extract. For the examinations of hop wastes, originating from the installation launched by the Fertilizers Research Institute in Pu³awy, obtained as a by-product from the hop supercritically extracted with CO 2 , were applied 13, 14 . A sample composition of hop wastes of the Marynka and Magnum hop varieties used in investigations was analyzed by the Division of Organic Synthesis in The Department of Chemistry of Wroc³aw University of Environmental and Life Sciences. On average the hop wastes contained about 0.25 wt% α and ß-acids, 40 wt% cellulose and lignins, 15 wt% resins, 15 wt% proteins, 10 wt% water, 8 wt% ash, 4 wt% tanning agents. The composition of hop wastes indicates the contents of the components that can be used for production of balanced fodder.
Methodology
The investigation on the removal of α and ß-acids from hop wastes was conducted on the laboratory scale. Every single time in the experiments, 5g of hop wastes were weighed and treated in the conical flask of 250 ml with an appropriate amount of CaO suspension of the concentration of 1 wt%, 2 wt%, 3 wt%, 4 wt% and 5 wt%, respectively in order to preserve the mass ratio of hop wastes to suspension 1:20. The obtained solutions were mixed for 1 hour in the Unipan laboratory shaker at the mixing amplitude of 8, at the external temperature of 20 o C. The phases were subsequently separated on the filters of the average time of filtration and next the phases were weighed. In the samples obtained from individual phases, appropriate analyses were carried out.
Materials and methods
The o C was applied. The remaining procedures were performed precisely according to the standard.
Determination of the organic carbon contents was conducted according to the PN-Z-15011 . 6H 2 O) towards ferroine as the indicator. Determination of the total nitrogen contents was performed according to the PN-93/C-87085 standard: Determining the total nitrogen contents using the distillation method. This method, the so-called Kjeldahl's method, consists in converting nitrogen to the ammonium form in the process of mineralization and the subsequent distilling of ammonia from the alkaline environment. Nitrogen in the distillation solution is determined by the titration method.
Examination of albuminous and ammonium nitrogen contents were conducted by applying the spectrophotometric method. This method consists in the degradation of the part of organic nitrogen using alkaline solution of the potassium permanganate. The ammonium nitrogen is distilled and analyzed spectrophotometrically before, and subsequently under the application of potassium permanganate in the alkaline environment the albuminous nitrogen is being released and distilled in the ammonia form. Nitrogen level is evaluated in the distillate using the spectrophotometric method 15 . The investigation of the total phosphorus contents was determined by applying the so-called "blue method", according to the PN-Z-15011-3:2001 standard: Compost obtained from municipal wastes. This method consists in sample incineration in the 650 o C and subsequent mineralization of residues in the acidic environment. Phosphate ions are determined by the colorimetric method using ammonium molybdate in order to create phosphomolybdic acid. This acid is reduced by tin (II) chloride to phosphomolybdate-blue. Phosphorus is determined by spectrophotometer, at the wavelength of 690nm.
Total potassium was determined by the titration method according to the PN-91/C-87030/18 standard: Horticultural artificial fertilizers. Potassium was examined after prior mineralization of the samples according to the PN-Z-15011-3:2001 standard. The base of the method consists in precipitating potassium with excess sodium tetraphenylborate (NaTPB). The excess of tetraphenylborate is subsequently titrated with cetyl trimethyl ammonium bromide (CTAB).
Calcium was determined according to the PN-90/C-87006/11 standard, by applying the complexometric method, using disodium versenate, after prior mineralization of the samples according to the PN-Z-15011-3:2001 standard.
RESULTS AND DISCUSSION
For the examinations the hop wastes, originating from the installation applied by the Fertilizers Research Institute in Pu³awy, obtained as a by-product from the hop superctically extracted with CO 2 , were applied. The chemical composition of the waste samples collected for the investigations is presented in Table 1 .
The exemplary mass balance is shown in Table 2 . It constitutes the basis for further calculations on the efficiency of a and b acids removal process.
The results of water content in the precipitates obtained during the investigated process are depicted in Table 3 .
The α and ß-acids content in the solution and precipitates was determined using the HPLC method (clause 2.9 of the report). Within the framework of examinations the following content were studied: α-acids, cohumulone and n+adhumulone and ß-acids, colupulone and n+adlupulone. Results were printed in Table 4 . The contents of iso-acids: iso-cohumulone, iso-humulone and isoadhumulone were presented in Table 5 . The values of Table 1 . The physicochemical composition of hop wastes applied in the examinations Table 2 . Exemplary mass balance of the process of hop wastes purification from α and β acids by applying various CaO concentration in suspension hop wastes purification degree related to bitter acids removal were given in Table 6 . The elimination percentage of α and ß-acids was calculated according to the following formula:
where: η -degree of removal of particular α or ß acid from raw hop waste during purification process, [%] Table 3 . Water and dry matter content in the examined samples of hop wastes under the application of CaO suspension Table 4 . The results of α and ß-acids contents [wt%] in raw hop wastes, precipitates and filtrate after the purification process by applying CaO The content of the total α i ß acids (hop acids), albuminous nitrogen, loss of the dry mass in hop wastes after the purification process by applying CaO, was a criteria of usefulness as a valuable animal fodders. The total content of α i ß acids in the raw hop wastes was 0.0982 wt%. The best results of hop acids content in the hop wastes after bitter acids removal were obtained by using the 5 wt% suspension of CaO. However, in the case of this CaO concentration it was connected with a relatively significant loss of protein. The content of protein in hop wastes after the process of purification from α i ß acids was determined by content of component of its decomposition (albuminous nitrogen). 2 wt% suspension of CaO was also a good reagent for bitter acids removal but this medium lets to recover high content of albuminous nitrogen. The obtaining the evidence of the protein decomposition is done by translocation profile of organic matter from solid to liquid phase during the process, what gives more beneficial results. Basing on their we can conclude that the proteins decomposition did not undergo totally and products of their degradation remained in the liquid phase Ammonium and albuminous nitrogen concentration was determined in solution and precipitates. The results are printed in Table 7 .
Otaining the evidence of the protein decomposition is done by the translocation profile of organic matter from the solid to liquid phase during the process, which gives more beneficial results. We can conclude that the proteins decomposition did not undergo totally and the products of their degradation remained in the liquid phase.
The results of organic carbon and organic matter contents determined by the Tiurin's method for the precipitates and liquid phase and the thermal method for the precipitates are shown in Table 8 .
SUMMARY AND CONCLUSIONS
During the experiments very good effects of α and ß acids removal from hop wastes, gained after the produc- Table 6 . The degree of hop wastes purification (η [%]) ragarding α, ß and iso-acids under the application of CaO of various concentrations [wt%] Table 7 . Total, ammonium and albuminous nitrogen contents in the samples after the application of CaO suspensions of various concentrations for bitter acids removal Table 8 . The results of organic carbon contents in the precipitates and filtrates determined by Tiurin's method and in the precipitates of organic matter determined by the thermal method during the bitter acids elimination process from hop wastes applying CaO suspensions of various concentrations tion of hop extract, were obtained by using CaO suspensions in water. Investigations on the influence of the CaO concentration in suspension on the efficiency of bitter acids removal indicate the possibility of applying the suspensions by 2 wt% for this purpose. Any significant differences, excluding colupulone at low concentrations, as a result of individual bitter acids removal weren't observed The parameter which determines the quality of fodders from applying hop wastes after bitter acids removal is the protein content. The results of the examinations of different nitrogen forms contents in hop wastes after the process of purification from α and ß-acids, suggest that the suspensions of CaO up to the 2 wt% in the water change the albuminous nitrogen content to a small degree, which allows the conclusion that protein decomposition proceeds in a small degree.
More beneficial results, giving the evidence of the protein decomposition, were obtained using the translocation profile of the organic matter from the solid to liquid phase during the process. It is possible to conclude on their base that the proteins decomposition did not undergo totally and the products of their degradation remained in the liquid phase.
Summarizing the investigations it is possible to state that the suggested method of removing bitter acids from hop wastes is efficient and can be used in the fodder mixes manufacturing industry.
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